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INTRODUCTION 


Remarkable progress has taken place in the field 
of viral hepatitis research in the last 20 years. 
During this time, two agents responsible for the 
majority of viral hepatitis--hepatitus A virus (HAV) 
and hepatitis B virus (HBV)-- have been isolated 
and characterized, the sequence of clinical and 
immunologic events taking place in viral hepatitis 
has been delineated, and, very recently, a 
vaccine has been developed and shown to 
protect against hepatitis B in high-risk populations. 


It is increasingly important that physicians remain 
well informed of the most recent advances in the 
diagnosis and management of viral hepatitis. This 
slide and lecture guide program offers an 
overview of current concepts regarding the 
epidemiology, pathogenesis, and control of viral 
hepatitis, with particular reference to hepatitis B. 


Dr. Jules Dienstag, who was the consultant for 
this program first produced in the United States, 
is to be credited for the major portion. of this 
work. | was invited by MSD Canada to provide 
the Canadian perspective, and | accept 
responsibility for the accuracy of the additional 
material. My participation in this educational 
program, however, does not represent an . 
endorsement of any pharmaceutical product by 
me personally or by the institutions with which | 
am affiliated. 


R.P. Bryce Larke, MD, DC! Sc 
Clinical Virologist 
Provincial Laboratory of Public Health 
Professor of Pediatrics 

(iv) University of Alberta 


These 35-mm slides and text were designed as 
teaching materials to aid in presentation of the 
biologic and epidemiologic features of hepatitis B. 
Sufficient background information is reviewed to 
provide a basis for understanding strategies to 
prevent hepatitis B infection, with emphasis on 
application of the recently developed hepatitis B 
vaccine. 


| served as consultant to Merck Sharo & Dohme 
in the preparation of these materials and accept 
responsibility for their accuracy. My participation 
in this educational project, however, does not 
represent an endorsement of any pharmaceutical 
product by me personally or by the institutions 
with which | am affiliated. 


Jules L. Dienstag, MD 
Gastrointestinal Unit 
Massachusetts General Hospital 
Harvard Medical School 
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Traditional Classification of Viral Hepatitis 


Hepatitis A Hepatitis B 
Infectious Serum 
Fecal-Oral Percutaneous 


Short Incubation Long Incubation 
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Traditionally, viral hepatitis was classified either 
as serum hepatitis or infectious hepatitis. ; 


All cases of serum hepatitis were considered 
hepatitis B and included only those transmitted 
by needles, syringes, blood transfusions, and 
the like. All other cases were called hepatitis A. 
Hepatitis A was presumed to be spread by the 
fecal-oral route. It was considered highly 
infectious and was thought to have a short 
incubation period. Hepatitis B, on the other 
hand, was believed to be transmitted exclusively 
by percutaneous inoculation:and to have a long 
incubation period. 


Once tests became available to identify hepatitis 
B surface antigen in serum, a large proportion of 
what used to be called infectious hepatitis 
turned out to be hepatitis B, and a large 
proportion of wnat used to be called serum 
hepatitis turned out not to be hepatitis B. We 
have, therefore, abandoned the traditional 
classifications in favor of labels that more 
accurately identify the causative agent. We refer 
to hepatitis A or B, and cases that do not fit 
either category are labeled non-A, non-B 
hepatitis. 
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When a serum sample containing hepatitis B 
virus (HBV) is examined under the electron 
microscope, three different morphologic forms 
can be seen. One is the virus itself, which was 
originally called the Dane particle. It is a double- 
shelled structure with an outer surface and an 
inner core. It exists in relatively small numbers 
compared with the vast supply of additional 
protein material—these small spheres and long 
tubules. 


Morphologic Forms of HBsAg 


HBsAg 


Orerre: 


HBcAg 
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HBV has hepatitis B surface antigen (HBsAg), 
which used to be called Australia antigen, on its 
outer surface. The surface of the virion is 
immunologically indistinguishable from the 
abundant circulating spheres and tubules, which 
also express HBsAa. Within the Dane particle is 
a 27-nm nucleocapsid which expresses hepatitis 
B core antigen (HBcAg) to which the infected 
host mounts an immune response distinct from 
that to HBsAg. 


Subtypes of HBsAg 


oo 0 
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Different subtypes of hepatitis B can be 
identified through such means as an 
examination of the immunoprecipitate in an 
immunodiffusion plate. In addition to the 
common determinant a contained in all hepatitis 
B surface antigens, there are two major sets of 
allelic subdeterminants. One is the d/y subtype 
pair. The other major set is labeled w/r. On the 
basis of the common determinant a and the 
subtypic subdeterminants d/y and w/r, there are 
four major subtypes: adw, adr, ayw, ayr, as well 
as several more recently identified subtypes. 


These subtypes are virus fingerprints. If, for 
example, a person infected with subtype adw 
transmits the infection to someone else, the 
subtype will breed true, and that person in turn 
will have an adw infection. Thus, the subtypes 
are useful in helping to identify the source of 
infection, They have no impact, however, on the 
outcome, severity, or chronicity of the illness. 


Structure of HBV 


HBsAg 


Double- 
Stranded DNA 


Single- | 
Stranded DNA } 
Polymerase —— / { 
HBcAg aA 


HBeAg ME ers ey 
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The core of the virus, unlike its surface, is not One characteristic that sets hepatitis B apart 
antigenically heterogeneous. There is only one from other viruses is that its core contains a 
hepatitis B core antigen, without subtypes, and it double-stranded DNA that includes a single- 

is found primarily within the nucleus of the stranded region. Most human viruses are entirely 
hepatocyte rather than in the cytoplasm. double-stranded or entirely single-stranded. 


Another unusual feature is that it contains its own 
DNA polymerase. Most human viruses use a 
host polymerase and do not have their own. 
When a single-stranded gap genome from 
hepatitis B virus is treated in vitro with DNA 
polymerase, the DNA polymerase repairs the 
gap and renders the genome double-stranded. 


Typical Serologic Profile of Early Acute HBV Infection 
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A number of important serologic events can be 
identified in a patient with hepatitis B. This slide 
shows the most typica! course. Hepatitis B 
surface antigen typically can be detected in the 
blood 3 to 4 weeks after infection. At that time, 
there are-no signs of.illness, the liver tests 
(alanine aminotransferase [ALT]) are normal, and 
the patient feels fine and is not jaundiced. Thus, 
there may be a period of 3 to 4 weeks or even 
ionger when the infected person has circulating 
HBsAg and ts replicating virus but exhibits no 
symptoms. Jaundice does not become apparent 
until even later, after the liver tests become 
abnormal. 


Typical Serologic Profile of Acute HBV infection 
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In a typical case, HBsAg will decrease in titer 
and eventually disappear within 4 to 6 months. 
Several weeks to months later, antibody to the 
surface antigen (anti-HBs), shown here as a red 
dashed line, will appear and remain detectable 
indefinitely. Notice that there is a gap between 
the disappearance of detectable HBsAg and the 
appearance of detectable anti-HBs. 


Typical Serologic Profile of Acute HBV Infection 
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During this “gap” or ‘window’ period there might 
be no indication of hepatitis B infection except 
that antibody to the core of the virus, which 
appears very early—approximately 2 weeks 

after the appearance of HBsAg—is easily 
detectable in high titer. 


Hepatitis B core antigen itself is not monitored 
routinely because it circulates only within the 
hepatitis B virion. Therefore, it is immunologically 
sequestered within a shell of HBsAg. Antibody to 
hepatitis B core antigen (anti-HBc), however. can 
be detected even though the core antigen never 
circulates freely. HBcAg does reach the immune 
system. and anti-HBc appears in reasonably 
high titer early during acute infection. As 
suggested previously, In some instances 
antiHBe may be the only readily detectable 
serologic marker of hepatitis B infection. There is 
some evidence to suggest that certain blood 
donors who have anti-HBc in the absence of 
HBsAg and anti-HBs may be infectious for 
hepatitis 


Persistence of Anti-HBc after HBV Infection 


Years after Exposure 
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On the other hand. if a patient is followed for 5 to 
10 years after infection, it is conceivable that he 
might lose one of the antibodies and have anti- 
HBs in the absence of anti-HBc or anti-HBc in 
the absence of anti-HBs. At that stage, a person 
with anti-HBc in the absence of HBsAg and anti- 
HBs would not be infectious. As of now. there is 
no satisfactory practical way to distinguish 
between the anti-HBc at the time of infection and 
the anti-HBc that is present years later. A 
number of methods have been suggested. One 
is to determine antibody class and to consider 
IgM anti-HBc an indicator of current or recent 
infection and IgG antitHBc an indicator of remote 
past infection. Another is to evaluate the titer of 
the antibody: high in recent and current 
infections, low in remote infections. In practice. 
however, these methods have not proven very 
satisfactory. 


This typical course of events in a hepatitis B 
infection is portrayed as evolving over a period of 
several months, but the time period can be 

much shorter or much longer. The entire course 
of events may be contracted to a few weeks or 
protracted over the course of many months and 
even years. 


Typical Serologic Profile of Chronic HBV Infection 
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The most important variation on this theme of 
typical events is the patient with chronic HBV” 
infection. Such a patient starts out the way 
anyone else would with hepatitis B surface 
antigenemia, but he doesn't clear the antigen. 
Instead of resolving the infection, he remains 
chronically HBsAg-positive, as shown in this 
slide. Antibody to the surface of the virus is 
generally not detectable in these patients or, if 
detectable, is present only at very low levels. In 
contrast, anti-HBc is always detectable and 
increases in concentration as long as virus 
replication continues. Obviously, if continuing 
virus infection can occur while the titer of anti- 
HBc is increasing, then anti-HBc cannot be the 
neutralizing antibody. It does not appear to be 
protective, given its coexistence with ongoing 
infections. On the other hand, when anti-HBs 
appears, usually the iliness has resolved or soon 
will. This and a wealth of epidemiologic 
information support the assumption that anti-HBs 
is the protective antibody. In fact, in the design of 
strategies for prevention of hepatitis B, the goal 
is to make sure that anti-HBs is circulating in the 
serum of Su. -eptible people. 
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As if these antigens and antibodies were not 
complex enough, there is at least one more 
antigen of clinical importance, hepatitis B e 
antigen (HBeAg). HBeAg, which is now known to 
be an internal component of the core of the 
virus, was thought to be a marker which 
correlated with infectivity, ongoing virus 
replication, number of intact Dane particles, and 
DNA polymerase activity, and to be a predictor 
of future chronicity and an indicator of current 
chronic liver disease. The person who had 
HBeAg was believed to have a relatively poor 
prognosis while the one with antibody to HBeAg 
(anti-HBe) was thought to have a very good 
prognosis. 


We know now, however. that the value of HBeAg 
lies specifically in its role as an indicator of 
relative infectivity. A pregnant woman who is 
positive for HBsAg and HBeAg has a very high 
likelihood of transmitting hepatitis B to her 
offspring. If she has anti-HBe, on the other hand, 
she has very little chance of transmitt. . the 
virus. Similarly, a husband with HBeAg may very 
well transmit the infection to his wife. Patients in 
hemodialysis units wno have HBeAg are likely to 
transmit the infection to others in the unit and to 
their family. Therefore, HBeAg, although not an 
absolute marker for infectivity, is a very good 
relative one. It is not clinically useful as a marker 
for chronicity or severity of liver disease, 
primarily because many people who are 
asymptomatic carriers have HBeAg and some 
people who have severe chronic active hepatitis 
have anti-HBe. 


Incubation Period of Type B Hepatitis 


Route of Inoculation 


Percutaneous Oral 
HBsAg + 7 days 54 days 
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Although hepatitis B usually has a long 
incubation period, that period is much shorter 
when the virus is introduced by percutaneous 
inoculation. Then, detectable HBsAg may 
appear in the blood as early as 1 week, and liver 
tests may become abnormal as early as 6 weeks 
after exposure: Therefore, protective globulin 
should be administered as soon after the 
needle-stick as possible. When, however, the 
virus Is introduced nonpercutaneously, for 
example, orally, the incubation period is usually 
much longer and the onset of symptoms much 
later. Thus, in the case of nonpercutaneous 
modes of exposure, such as might occur 
between a patient with acute hepatitis type B 
and a sexual! partner, the need for prophylaxis is 
less immediate, and it is not unreasonable to 
take a few days to determine whether the sexual 
contact is indeed susceptible. 


Spectrum of Outcomes in HBV Infection 
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Hepatitis B is a very versatile agent in terms of 
what it can do to the liver. About 90 percent of 
people with acute hepatitis type B will resolve 
without any difficulty. But the other approximately 
10 percent will remain HBsAg-positive for 

6 months or more. A very small percentage 

(0.1 percent) will have a fulminant course, which 
is fatal 60 to 80 percent of the time despite 
medical heroics. About 5 percent of hepatitis B 
victims remain HBsAg-positive indefinitely, and 
from this group come asymptomatic chronic 
carriers and those with chronic hepatitis. Those 
who are asymptomatic carriers can look forward 
to a normal life except perhaps for some 
restrictions to keep them from infecting others. 
Others have chronic persistent hepatitis (CPH) 
with some inflammation in the portal tract of the 
liver and very little inflammation in the hepatic 
parenchyma. These patients have a very good 
prognosis and do not progress to more severe 
forms of chronic hepatitis or cirrhosis. Still others 
have chronic lobular hepatitis, which is 
somewhat more severe than chronic persistent 
hepatitis, with inflammation in the lobule of the 
liver itself. These patients have the same 
relatively good prognosis as patients with CPH. 
A few, however, have chronic active hepatitis, 
which in its more severe forms may progress to 
cirrhosis and death. There is also growing 
evidence that lifelong HBsAg carriage among 
those infected at birth or shortly thereafter 
increases the risk of hepatocellular cancer. 


Extrahepatic Manifestations 
of Viral Hepatitis Type B 


eSerum sickness-like syndrome 
(arthritis, arthralgias, rash) 


eGlomerulonephritis 


eSystemic necrotizing vasculitis 
(polyarteritis nodosa) 
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Another important feature of hepatitis B is that it 
can cause disease manifestations that appear to 
have nothing to do with the liver. One such 
manifestation is a syndrome similar to serum 
sickness that is characterized by arthritis and 
rash. It is transient, appearing in the hepatitis B 
prodromal period and abating when hepatitis 
declares itself clinically. There is also an 
association between hepatitis B and 
glomerulonephritis, but this is believed to be 
uncommon. However, a substantial percentage 
of patients with systemic necrotizing vasculitis 
(polyarteritis nodosa) may have hepatitis B. It is 
important not to overlook the possibility of 
hepatitis B when evaluating patients with these 
conditions. 


Modes of Hepatitis B Virus Transmission 


Percutaneous Transmission 

Blood, blood products 

elflicit self-injection 

eContaminated needle, syringe, instruments 
Hemodialysis 

*Oral surgery 

°Tattooing, ear piercing, acupuncture 
eArthropod-borne 
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In terms of epidemiology, percutaneous 
transmission is one of the primary modes for the 
spread of hepatitis B within communities. 
Hepatitis B can be transmitted during blood 
transfusions, during illicit self-injection of drugs,.. 
from contaminated needles and syringes, and 
by other contaminated instruments. Hepatitis B. . 
often spreads in hemodialysis units, primarily 
because so much blood Is extracorporeal for so 
long, and the danger of broken seals and of 
contamination of instruments, machines, and 
gloves is significant. , 


Oral surgery is another percutaneous mode for 
the transmission of hepatitis B. Dentists are the 
only surgeons who insert their ungloved hands 
into a patient's body cavity, one that is often 
contaminated by secretions and blood. The 
sharp instruments, the dental hardware, and the 
braces and bridgework in a patient with hepatitis 
B can cause bleeding, and the blood comes into 
contact with the dentists hands. If the dentist 
has a scratch or cut, the hepatitis virus is readily 
transmitted from the patient to the dentist. 


Tattooing, ear piercing, acupuncture, or any 
other kind of scarification in which a potentially 
contaminated needle crosses the integument 
can become a means of transmitting hepatitis B. 
The possibility has been raised that in highly 
endemic areas, bloodsucking insects such as 
mosquitoes and bedbugs may serve as a vector 
for transmitting HBV infection. 


Modes of Hepatitis B Virus Transmission (cont'’s) 


Nonpercutaneous Transmission 
(or Covert Percutaneous) 
eTransfer of body secretions 

Every body secretion can be HBsAg-positive 
eOral 


Inefficient 
May require lack of mucosal integrity 


e|ntimate contact 
€.g., sexual 


ePerinatal 
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The modes of transmission, however, are not 
always obvious. Most patients with hepatitis type 
B do not recall a recent percutaneous 
inoculation. Either these cases are 
nonpercutaneous, or a covert percutaneous 
inoculation ts responsible. First, it is important to 
remember that transfer of any body secretion 
from an HBsAg-positive person may play a role 
in transmitting hepatitis B. Blood is not the only 
source of HBV. The major nonpercutaneous 
routes of spread for HBV are oral, intimate 
contact, and perinatal. In oral inoculation, 
transmission may occur through a break in the 
oropharyngeal mucosa rather than by ingestion. 
So it is uncertain whether ora! inoculations are 
truly nonpercutaneous even though that is how 
they are classified. Studies have shown that true 
oral inoculation sometimes occurs, but this 
means of transmission is much less efficient than 
percutaneous inoculation. 


Hepatitis B is spread readily within custodial 
institutions, presumably by intimate contact in a 
crowded environment and inadequate personal 
hygiene. Even more comm. ly, hepatitis B often 
is transmitted between sexual partners. Exactly 
how this transmission occurs is not Known. 
Hepatitis B can be detected in seminal fluid, 
vaginal blood, and vaginal secretions, but it is 
not clear what role, if any, these secretions play 
in transmission or whether other intimacies are 
more important. 


Hepatitis B infection can be transmitted between 
spouses, but sexual spread is especially 
common among male homosexuals because 
their sexual practices are characterized by high 
frequency and promiscuity. Even 30 years ago, 
the average number of different sexual partners 
that a homosexual male would have in an active 
sexual lifetime was estimated to be about 1,000. 
It is likely that those estimates were conservative. 


With so many sexual contacts, it is possible for a 
few asymptomatic hepatitis B carriers to cause 
widespread infection in that population. The 
prevalence of HBsAg among male homosexuals 
in the United States has been found to be 

about 5 to 7 percent, as opposed to about 1/10 
of 1 percent in the general population. 

Moreover, the frequency of hepatitis B antibodies 
among homosexual men may approach 50 to 70 
percent; hepatitis B is endemic in this 

population group. 


Preliminary results of a small study in Western 
Canada indicate that 2 to 3 percent of male 
homosexuals evaluated were HBsAg-positive. 
and 37 percent had anti-HBs marker. In contrast. 
only 8 percent of heterosexual men matched for 
age, educational status, and ethnic background 
had anti-HBs, and none was positive for HBsAg. 


Hepatitis B can also be transmitted from mother 
to offspring. In such cases, the mean incubation 
period is about 2 months following birth. 
suggesting that most babies are infected at the 
time of delivery rather than in utero. But whether 
the virus is transmitted through breast milk, 
during passage through the birth canal, by 
ingestion of maternal blood, or by some other 
means remains a matter of conjecture. Babies 
who are separated from their mothers at birth 
can still become infected with hepatitis B, and 
babies who breast-feed from HBsAg-carrier 
mothers do not necessarily contract the virus. In 
short, the mechanism of transmission is not 
clear. Transmission from mother to child is not a 
major source of infection in Canada or in the 
United States but is a very serious problem 

in parts of Asia and Africa. Prevention of this 
form of transmission is a prerequisite to making 
substantial progress in worldwide control of 
hepatitis B. 


Enhanced Risk of Hepatitis B Virus Infection 


¢Ciosed institutionalization 
eHermodialysis and transplantation 
e|mmunosuppression 

eMultiple transfusions 

eUsers of illicit injectable drugs 
Sexual promiscuity 
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As a result of these modes of spread, people 
who are at high risk of hepatitis B infection ~ 
include those in closed environments such as 
institutions for the mentally retarded, prisons, 
and military barracks; patients and staff of 
hemodialysis units and renal transplant units; 
people who are immunosuppressed and are in 
oncology units in which a lot of blood is being 
transfused; people with conditions such as 
hemophilia or thalassemia that require multiple 
transfusions over a period of years; users of illicit 
injectable drugs; sexually promiscuous people: 


Enhanced Risk of Hepatitis B Virus Infection(cont'a) 


eSharing household with chronic carrier 
¢Sexual partner of patient with acute hepatitis B 
eNewborn of HBsAg-carrier mother 

ePersons from highly endemic areas 
eHealth-care professionals 
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people who share a household with a chronic 
carrier; sexual partners of patients with acute 
hepatitis B; newborn of chronic carrier mothers; 
and persons from highly endemic areas, such as 
recent refugees from Southeast Asia. And, of 
course, health-care professionals face a high risk 
of hepatitis B infection. 


Prevalence Of Hepatitis B Virus (HBV) 
Markers Among Canadian Dental Professionals 
No. (%) Among 
Professional Groups 


HBV MARKER Dentists Dental Assistants/ 
Hygienists 

HBsAg 2(0.4) 0(0) 

AntiHBs + AntiHBc  42(8.4) 4(1.9) 

Anti-HBs only 18(3.6) 9(4.2) 

Anti-HBc only 4(0.8) 0(0) 

None 435(86.8) 199(93.9) 

Total Screened 501 212 


McSheffrey et al, 1982 
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Serologic surveys have indicated that Canadian 
dentists are at increased risk of exposure to 
hepatitis B virus, as reflected in a two- to 
three-fold higher prevalence of hepatitis B 
markers compared with blood donors in Canada. 
There was a positive correlation between the 
prevalence rate of hepatitis B markers and the 
number of years in dental practice. 


Among dental hygienists/assistants. the prevalence 
of hepatitis B markers was not increased in 
comparison with Canadian blood donors. This 
may reflect the relatively younger age and fewer 
years in practice of this group and the uniformly 
lower rate of HBV infection in women as 
compared to men. 
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In a United States survey done by the CDC, 
volunteer blood donors were compared with 
physicians and dentists. When the prevalence 
of hepatitis B markers was stratified by age, 
the differences were obvious. The prevalence 
of antiHBs in blood donors never exceeded 
4 to 7 percent, but the prevalence in health-care 
workers was greater than 20 percent by age 
50 to 60. Once again, this correlation with 
age, of course, translates to duration 

of practice. 


13 


Frequency of Hepatitis B Surface Antibody 
by Medical Speciality 


Number Number 
Tested (%)Positive 


Surgery 176 50(28) 
Pathology 37 10(27) 
Pediatrics 63 13(21) 
Internal Medicine 259 46(18) 
Anesthesiology 59 10(17) 
Obstetrics/Gynecology 63 10(16) 
Family Practice 344 54(16) 
Nonpatient Care 25 1(4) 

All Others Combined 169 26(15) 
Total 1,192 220(18.5) 
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This clearly enhanced risk among health-care. 
workers varied with exposure to blood and 
secretions. Surgeons and pathologits, for 
example, had a 27 or 28 percent prevalence of 
anti-HBs compared to about 20 percent for 
internists and pediatricians, even though the 
internists and pediatricians have a much greater 
exposure to patients. Those without patient or 
blood contact had a prevalence of only 

4 percent. 


Prevalence of HBV Serologic Markers in 
624 Hospital Personnel and 462 Nonhospital Controls 


7 Cumulative Percent Positive 


Occupational Category 0 5 10 15 20 25 30 50 400 N. 
Emergency Ward Nurses 30 
Blood Bank Personnel 26 
Laboratory Technicians 39 
Pathology Staff 85 
intravenous Teams 68 
Surgical House Officers 66. 
Intensive Care Nurses 94 
Medical House Officers . | 89 
General Ward Nurses 76 
Dieticians 19 
Volunteer Blood Donors 462 
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In a recent study of health-care workers, the 
prevalence of hepatitis B serologic markers was 
evaluated in different occupational categories 
and in blood donor controls. Emergency ward 
nurses had a very high prevalence of previous or 
Current infection, probably because exposure to 
hepatitis B is likely to be at its most uncontrolled” 
in the emergency room. If, for example, an 
HBsAg-positive person with cirrhosis and 
esophageal varices comes into the emergency 
room bleeding uncontrollably, his medical 
records are usually not available immediately 
and his hepatitis B-positive status is usually 
unknown. The nurses rush to help him, but, 
because they are not wearing gowns or gloves, 
they are very vulnerable to exposure. Also at 
especially high risk are pathology staff, blood 
bank personnel, lab technicians, and IV teams. 
Surgical house officers in the study had a 
prevalence of 17 percent. While this is much 
higher than the prevalence of 7 or 8 percent 
among me~ cal house officers, the prevalence 
figure does jot provide an accurate indication of 
the degree of risk posed by surgery. Additional 
monitoring has revealed that the incidence of 
hepatitis B infection in surgical house officers. 
was as high as 5 to 8 percent per year. This 
increasing risk is not seen in the medical house 
staff, whose patient exposure is high but whose 
exposure to blood is qualitatively different and 
quantitatively lower. 


Prevalence of HBV Serologic Markers 


among Hospital Personnel as a 
Function of Blood and Patient Contact 
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Indeed, exposure to blood, not to patients 

per se, correlates with exposure to hevatitis B. 
Among health-care workers frequently exposed 
to blood, 22 percent had serologic markers of 
HBV infection, dramatically increased compared 
to the 8 percent frequency in those rarely 
exposed to blood. In contrast, health-care 
personnel with frequent exposure to patients 
were not more likely to have HBV markers than 
those rarely exposed to patients. As with other 
hepatitis B victims, health-care personnel who 
contract hepatitis B often do not recall an 
incident through which the infection might have 
been transmitted, such as being stuck with a 
needle, being cut or scratched, or caring for an 
infected patient. 


Reservoir of HBV infection in Hospitals 


®1 to 1'/2% of all hospital admissions 
are HBsAg-positive 


°80 to 90% of HBsAg-positive patients 
admitted are never identified 


*Blood and all body fluids are 
potentially infectious 
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A number of hospitals have carried out surveys 
in which all patients were tested for hepatitis B 
surface antigen at the time of admission. The 
prevalence of hepatitis B surface antigen 
positivily among patients has been 

approximately 1 to 1-1/2 percent, but most of the 
patients who were found to be hepatitis B 
Surface antigen-positive were not admitted for 
hepatitis or another liver disease. Instead, they 
were admitted for other conditions that would not 
lead the physician to test them for hepatitis B. 
Indeed, 80 to 90 percent of HBsAg-positive 
patients admitted are never identified. These 
people, therefore, can serve as an insidious 
source of infection for the unwitting health 
professionals who care for them during 
hospitalization. Since every body secretion from 
HBsAg-positive individuals has been shown to 
contain HBsAg and some have been found to be 
infectious, all body fluids should be considered 
potentially infectious. 


Transmission of HBV in Health-Care Settings 


Health-Care 
Personnel Patients 
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On the other hand. the risk of hepatitis B-positive 
health-care workers transmitting the disease to 
their patients appears to be very low. Perhaps 
that is because it is the patient who bleeds on 
the physician and not vice versa. 


There are, however, a number of isolated cases 
in which health-care professionals have infected 
their patients, and many of these involve breaks 
in accepted operating procedure. Most such 
incidents have been described among oral 
surgeons. This problem can be controlled, 
however, by adoption of. proper sterilization and 
instrument cleaning techniques and by 
encouraging dentists to wear gloves. Many 
dental professionals resist wearing gloves 
because of their need for tactile sensitivity. 
Those who strongly perfer not to wear gloves 
should be especially careful to wash their hands 
thoroughly and to take other appropriate 
precautions. 


Point Prevalence of HBV Infection in Hemodialysis Units 
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The risk of hospital-associated hepatitis B 
infection has been most dramatic in 

hemodialysis units. In one study, dialysis staff, 
members who had worked in a hemodialysis unit 
for less than a year had an anti-HBs prevalence 
of about 15 percent, which is similar to that of 
most health-care workers. After working in the 
dialysis unit for 4 years or more, however, their 
prevalence had increased to as much as 50 
percent. For patients, the results were even more 
alarming: a prevalence of 35 percent after 1 year, 
increasing to 65 percent after 4 or more years. 
Not all dialysis units have this problem. But if 
hepatitis B has been introduced into a dialysis 
unit and is out of control, it is estimated that as 
many as 40 to 50 percent of new patients and 
staff may become infected during the fist year. 


Annual Incidence of Primary Hepatic Cancer 


Documented 
(Cases/100,000 Population) 
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Epidemiologic studies have shown that the risk 
of carcinoma of the liver is increased among 
patients with chronic hepatitis B infection, but it 
is not Known whether hepatitis B is an oncogenic 
virus or whether other factors are involved. In 
addition, hepatitis B virus DNA has been shown 
to be incorporated into the genome of 
hepatocellular carcinoma cells. The association 
between hepatitis B and liver cancer has been 
well documented in parts of the world where the 
annual incidence of primary hepatic cancer is as 
high as 10 to 15 per 100,000. In these areas the 
virus iS acquired during early childhood, after 
which infection remains a lifelong process. It is 
not a problem in Canada or in the United States 
among people who contract the disease as 
adults. Whether it will become a problem 

in 30 or 40 years among the homosexual males 
who are infected by the virus when they are 
young Is not known. 


Prevalence of HBsAg 


HBsAg 
Prevalence(%) 
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The entire reservoir of hepatitis B-positive people 
represents about 5 percent of the earth's 
population, concentrated primarily in parts of the 
world where the prevalence of HBsAg carriers is 
in the range of 5 to 20 percent. Worldwide, 
transmission from mother to child is probably the 
most common. In Canada or in the United 
States, the leading modes are percutaneous 
transmission and intimate contact. Their 
frequency is about equal, but transmission 
through intimate contact appears to be increasing 
while percutaneous transmission is declining. 
These factors take on importance when 
considering which approach to take in 
attempting to prevent transmission. 


Prevalence of Hepatitis B Virus (HBV) 
Markers Among Native Indian and Inuit Populations 
in Four Northern Canadian Communities 


Community HBsAg Anti-HBs and/or Total HBV 
positive anti-HBc positive markers 
(%) (%) (%) 
A* 12 50 62 
Ba 6 20 26 
Ca 4 24 28 
Ds 0 8 8 


*Larke et al, 1982 
**Minuk et al, 1981 
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Surveillance of hepatitis B markers among Native 
Indians and Inuit in Northern Canada has 
revealed considerable variation in the patterns of 
infection from one community to another. The 
prevalence of HBsAg carriers has been found to 
be as high as 12 percent in one settlement, 
where an additional 50 percent of the residents, 
including many who were less than 21 years old, 
had serologic evidence of past infection. In other 
Native communities, the prevalence of HBsAg 
carriers ranged from O to 6 percent, and 
hepatitis B antibodies were uncommon in 
persons under 31 years of age. Changing modes 
of hepatitis B virus transmission among 

Native populations probably account for these 
differences. 


Strategies for the Prevention of Hepatitis B 


Neutralization Interruption Immunization 


Modes of Transmission 
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The approach to controlling hepatitis B depends 
on the mode of transmission, Approaches to 
prevent the transmission of hepatitis B from the 
reservoir of infected people to those who are 
susceptible include neutralizing the virus among 
those infected, interrupting spread, and 
immunizing the susceptible population. 
Neutralizing the virus among the reservoir of 
hepatitis B-infected people requires the 
application of antiviral chemotherapy, but this 
work is Still in the preliminary research stage. 


Methods ofinterrupting spread include proper 
cleaning of instruments, sterile technique, 
screening programs, isolation, and personal 
hygiene. An evaluation of specific circumstances 
will often Suggest a Suitable technique to 
interrupt the spread of infection. A hepatitis B- 
positive person in. a dialysis unit, for example, 
can be segregated from other people, assigned 
to a special dialysis machine, and taken care of 
by an anti-HBs-positive staff person. In the blood 
bank, screening donors for HBsAg has 
dramatically reduced type B hepatitis after 
transfusion. 


The third method of preventing the transmission 
of hepatitis B is by immunization. Before active 
immunization with hepatitis B vaccine was 
possible, we had to rely on passive immunization 
with globulin preparations. Standard gamma 
globulin or immune globulin at one time 
contained very little antibody to hepatitis B, but 
since the early seventies most lots have had low 
levels of detectable anti-HBs. Hyperimmune 
globulin, on the other hand, has very high titers 
of hepatitis B antibodies. It is produced from the 
plasma of patients who are anti-HBs-positive. 


Immunization against HBV 


Passive 


Hepatitis B Immune Globulin 
(Anti-HBs Titer > 1:100,000) 
Needle-stick 


Acute sexual contact 
Perinatal transmission 


Active 


Hepatitis B Vaccine 
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Passive immunization with hyperimmune globulin 
is recommended following exposure to the virus 
through a needle-stick, following acute exposure 
through sexual contact, and for newborns of 
HBsAg-positive mothers. Of course, the 
recommendations for using globulin 
preparations are. likely to change with the 
introduction of hepatitis B vaccine, which 
consists of purified virus antigen. The vaccine is 
prepared by purifying the small spherical forms 
of HBsAg from the plasma of chronic carriers. 
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It contains no intact virus, no e antigen, and no 
DNA polymerase. It has been shown to be very 
well tolerated, very immunogenic, and highly 
effective. 


Studies of Hepatitis B Vaccine Efficacy 


Group Mode of Transmission 
Homosexual Men Sexual 
Hemodialysis Patients Percutaneous 


Hemodialysis Staff > Blood (Percutaneous 
Health-Care Workers and Nonpercutaneous) 


Children of HBsAg- 
Carrier Mothers Perinatal 
African Children Horizontal 
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The new vaccine was studied initially in 
homosexual men who, because of their high 
attack rate of infection, are an excellent 
population for determining the effectiveness of 
the vaccine in a short time. It is being evaluated 
Currently in-a variety of groups at risk of hepatitis 
B infection. The vaccine is being tested, for 
example, in hemodialysis patients where the 
transmission is likely to occur percutaneously. It 
is also being studied in hemodialysis staff and 
health-care workers whose infection is likely to 
derive from exposure to blood through both 
percutaneous and nonpercutaneous routes. 
Studies in other countries are under way to 
evaluate the effectiveness of the vaccine in 
preventing maternal-fetal spread or child-to-child 
spread. 


Protective Efficacy of Hepatitis B Vaccine 


eincidence of acute type B hepatitis 
reduced by 92% 


elncidence of HBs antigenemia 
reduced by 89% 


eAlmost 100% of persons in whom 
anti-HBs developed after 3 doses of vaccine 
were protected against acute type B hepatitis, 
asymptomatic hepatitis B infection, 
and chronic antigenemia 
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In the study done in New York among 
homosexual men, the vaccine was remarkably 
effective, decreasing the incidence of acute 
hepatitis B by 92 percent and the incidence of 
hepatitis B antigenemia, that is, all antigen- 
positive cases whether symptomatic or 
asymptomatic, by 89 percent. Significantly, the 
difference between the placebo group and the 
experimental group grew as the study 
progressed. Many of the hepatitis B cases in 
vaccine recipients occurred during the first few 
months after vaccination, which means that 
many of the cases that bring the effectiveness 
down from 100 percent to about 90 percent were 
acquired prior to vaccination or prior to 
completion of the vaccination schedule. It is now 
well established that the development of 
vaccine-induced anti-HBs is equivalent to 
protection against hepatitis B. This will make it 
easy to determine who is protected and who is 
not protected after vaccination by testing for 
anti-HBs. In fact, among hepatitis B vaccine 
recipients who responded by making anti-HBs, 
the vaccine was almost 100 percent effective in 
preventing acute type B hepatitis, asymptomatic 
hepatitis B infection, and chronic antigenemia. 


Incidence of HBV in Vaccine 
and Placebo Recipients 
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Another important result of the study is that there 
was a Statistically significant difference between 
placebo and treatment groups as early as 

75 days after randomization, suggesting that 
the vaccine may be effective in preventing the 
disease in many people even after exposure to 
the virus. 


Side Effects of Hepatitis B Vaccination 


Vaccine Recipients Placebo Recipients 
(1,133 Injections) (1,123 Injections) 


Sore Arm 15.8% 10.6% 
Fever 2.6% 2.2% 
Other* 10.0% 11.9% 


“rash, nausea vomiting, joint pain, fatigue 
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Sore arm, which was reported in about 

16 percent of vaccine recipients, was the only 
frequently occurring side effect. About 2 percent 
of both the placebo and treatment groups 
experienced transient low-grade fever although 
fever over 102° F was reported rarely. About 

10 percent had a variety of other complaints, 
such as malaise, headache, dizziness, rash, 
nausea, vomiting, joint pain, and fatigue. No 
serious side effects attributable to vaccination 
were reported. The vaccine has not been 
implicated in any case of hepatitis B. 


The vaccine Is contraindicated in people who 
are hypersensitive to any of its components. As 
with any parenteral vaccine, epinephrine should 
be available for immediate use should an 
anaphylactoid reaction occur. Any serious active 
infection is reason for delaying use of the 
vaccine except when, in the opinion of the 
physician, withholding the vaccine entails a 
greater risk. It is not recommended for use in 
pregnant women, and caution should be 
exercised if it is to be administered to nursing 
mothers. 
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Hepatitis B vaccine is administered according to 
a three-dose regimen: the second dose is given 
1 month after the first, followed by another 
injection 6 months after the first dose. In the 
Néw York study, about 30 percent of the patients 
developed antibody after the first dose. about 
75 percent after the second dose, and about 

96 percent after the third dose. About 4 percent 
of the people who were vaccinated did not 
produce antibody. The incidence of hepatitis B 
in this nonresponder group was identical with 
that in the placebo group. When chronically 
hemodialyzed patients were vaccinated. 100 
percent of the women became antibody-positive, 
but only 80 percent of the men produced 
antibody. If this pattern continues, further work 
will be required to provide more complete 
protection for patients undergoing dialysis. 


Anti - HBs Response in Canadian Dental 
Students Given Hepatitis B Vaccine 
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The Canadian Red Cross Collaborative Group on 
Hepatitis Vaccine conducted a study initially 
involving 254 students and faculty at three 
Canadian dental colleges. The investigators 
administered three 20-2 g doses of hepatitis B 
vaccine to each participant. About 43 percent of 
the recipients developed anti-HBs after the first 
dose, about 97 percent after the second dose, 
and about 99 percent after the third dose. 
Females tended to have a better anti-body 
response than males. 


Anti-HBs Response in Canadian Dental Students 
’ Given Hepatitis B Vaccine 


Months After First Vaccine Injection 


1 3 5.5 6.5 10 22 
Number Tested 254 254 253 228 235 150 
Anti-HBs Level % % % % % % 
Negative 57.1 10.6 3.2 0.4 0.9 6.0 
S/N Low Range 
(2.1-9.9) 26.8 19.3 9.9 0.9 er 7.3 
S/N Medium 
Range (10-100) 12.2 48.9 348 88 11.4 26.0 
S/N High Range 
(> 100) 3.9 21.3 52.2 89.9 86.4 60.7 
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\ follow-up of 150 persons 22 months after the 
irst dose of vaccine indicated that high or medium 
evels of antibody were maintained in nearly 87 
ercent of the participants and only 6 percent 

all males) had no detectable anti-HBs. All 
emained negative for HBsAg and anti-HBc. 


Anti-HBs Responses in Recipients of HBIG 
and Hepatitis B Vaccine vs Vaccine Alone 


HBIG and Hepatitis B 
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Vaccine Alone 
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A combination of passive and active 
immunization has also been evaluated. Because 
the vaccine confers: long-term immunity. it is 
sensible to administer it to a health-care worker 
who sustains a hepatitis B-positive needie-stick 
and is likely to continue to be exposed in the 
future. But that person has a 70 percent chance 
of having no antibody during the first month and 
a 25 percent chance of having no antibody after 
the second month. Therefore. if we depended on 
the vaccine alone, he or she would be likely to 
have novanti-HBs in the period immediately 
following exposure to the virus. But when 
hyperimmune globulin and the vaccine were 
given simultaneously, substantial levels of anti- 
HBs appeared immediately and persisted. 
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Passive-Active Immunization with HBIG 
and Hepatitis B Vaccine , 


eLong-lasting immunity equivalent among 
recipients of HBIG plus vaccine 
and vaccine alone 


eNo interference with immune response 
to vaccine 


eimmediate continuous anti-HBs in recipients 
of HBIG plus hepatitis B vaccine 
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This simultaneous administration of passive and 
active immunity can assure not only high levels 
of antibody before the vaccine induces its 
immune response but also the long-term 
immunity of active immunization. There was no 
interference netween the hyperimmune globulin 
and the vaccine when injected at different sites: 
long-lasting immunity was equivalent among 
recipients of HBIG and vaccine alone. The 
administration of HBIG plus vaccine provides 
immediate, continuous anti-HBs. Both are likely 


to be given in the future to those experiencing an 


acute percutaneous exposure. Further study is 
required to determine the effectiveness of 
hepatitis B vaccine in preventing hepatitis B 
when the vaccine regimen is begun after 
exposure to hepatitis B virus. 


Hepatitis B Vaccine Candidate High-Risk Groups 


eHealth-care personnel 
Dentists and oral surgeons 
Physicians and surgeons 
Nurses 


Paramedica!l personnel and custodial staff who may be 
exposed to the virus 


Dental hygenists and denta! nurses 


Laboratory personnel handing blood, blood products, and 
other patient sampies 


Denta!, medical, and nursing students 


Slide 43 


Hepatitis B, vaccine is indicatd for immunization 
against infection caused by all known. subtypes 
of hepatitis B. virus. 1 will not prevent hepatitis 
caused by other agents, such as hepatitis A 
virus, non-A, non-B hepatitis viruses, or other 
viruses known to. infect the liver. 


The vaccine is recommended for persons 

3 months of age or older, especially those who 
are at increased risk of infection with hepatitis B 
virus. High on the list of those facing this 
increased risk are health-care workers whose 
jobs expose them to an abnormally high risk. 
These inciude dentists and oral surgeons, 
physicians and surgeons, nurses, paramedical 
personnel and custodial staff who may be 
exposed to the virus, dental hygienists and 
dental nurses, laboratory personnel who handle 
blood and blood products, and dental, medical. 
and nursing students. 


Hepatitis B Vaccine Candidate High-Risk Groups (cont'd) 


¢Selected patients and patient contacts 
Patients and staff in hemodialysis units and hematology oncology units 


Patients requiring frequent and/or large-volume biood transfusions or 
clotting-tactor concentrates (e.g. persons with hemophilia, thalassemia) 


Clients (residents) and staff of institutions for the mentally handicapped 


Classroom contacts of deinstitutionalized mentally handicapped persons 
with persistent hepatitis B antigenemia 


Household and other intimate contacts of persons with persistent 
hepatitis B antigenemia 


ePopulations with high incidence of the disease, such as: 


Alaskan natives 
Indochinese refugees 
Haitian refugees 
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Others whose increased risk merits special 
consideration for vaccination are selected 
patients and patient contacts including patients 
and staff in hemodialysis units and 
hematology/oncology units, patients requiring 
frequent and/or large-volume blood transfusions 
or clotting-factor concentrates such as 
hemophiliacs or thalassemics, residents and 


Staff of institutions for the mentally handicapped. 


classroom contacts of deinstitutionalized 
mentally handicapped persons with persistent 
hepatitis B antigenemia. and household and 
other intimate contacts of persons with 
persistent hepatitis B antigenemia. Certain 
populations with high incidence of hepatitis B. 


such as Northern Canadian and Alaskan natives, 


Indochinese refugees. and Haitian refugees, 
are candidates for the vaccine. 


Hepatitis B Vaccine Candidate High-Risk Groups (cont'd) 


®Certain military personnel 
eMorticians and embalmers 
eBlood bank and plasma fractionation workers 


ePersons at increased risk of the disease due to their 
sexual practices, such as: 
Persons who repeatedly contract sexually transmitted diseases 
Homosexually active males 
Female prostitutes 
®Prisoners 


eUsers of illicit injectable drugs 
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In addition, certain military personnel, morticians 
and embalmers, and blood bank and plasma 
fractionation workers also merit vaccination. 
Persons at increased risk of the disease due to 
their sexual practices, such as persons who 
repeatedly contract sexually transmitted 
diseases, homosexually active males, and 
female prostitutes, are candidates for 
vaccination. Finally, prisoners and users of 
illicit injectable drugs may also benefit from 
vaccination. 
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Hepatitis B Vaccine Candidate High-Risk Groups 


*Health-care personnel 

*Selected patients and patient contacts 
©Populations with high incidence of the disease 
eCertain military personnel 

eMorticians and embalmers 

Blood bank and plasma fractionation workers 


Persons at increased risk of the disease due to 
their sexual practices 


e Prisoners 
eUsers of illicit injectable drugs 
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In summary, there are many high-risk groups that 
are candidates for vaccination. Hepatitis B 
vaccine is an important new weapon for 
combating the serious—and, in some 
populations, growing—problem of hepatitis B. 
Based on the excellent results of clinical studies, 
it is safe to say that it will prove very useful in 
reducing the incidence and in controlling the 
spread of this disease. 
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